In pre-embedding EM immunocytochemistry with gold probes, the gold must be small enough to penetrate through cell membranes treated with mild detergents. Antibodies labeled with small gold probes (1-1.4 nm) are too small to be resolved in thin sections but can be seen if they are silverenhanced after the gold has bound to the antigens in the cells. We investigated several aspects of gum arabic-silver lactate-hydroquinone enhancement solution (Danscher solution) by examining gold-conjugated antibodies embedded in agar, sectioned on a vibrotome, and enhanced with different solutions. The rate of silver enhancement was optimized in 50% gum arabic and 200 mM HJlPES bufkr, pH 5.8. We also examined chemicals used as developers and found that N-propyl gallate (NPG) gave a more uniform development than the routinely used hydroquinone (HQ) . The diameter of the silver-enhanced particles after incubation in osmium tetratoxide (0~04) d e a d somewhat with longer incubation time and higher percentages, but the density (RWB) and DCB-9096261 (DDV).
Introduction
High-resolution EM immunocytochemistry with gold probes attached to secondary antibodies has been possible with postembedding techniques. This typically requires either the use of sections obtained from a cryo-ultramicrotome (Celio et al., 1986; Tokuyasu, 1986; Gispen et al., 1985) , from Lowicryl or LR White embedding (van Lookeren Campagne et al., 1991; Valentino et al., 1985) , or from Epon-embedded sections (Danscher and Norgaard, 1983) . Pre-embedding techniques, on the other hand, have been hampered by problems associated with the penetration of gold probes into the tissue (van den Pol, 1986) . Secondary antibodies
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labeled with gold particles of about 1-nm diameter should alleviate many of the penetration problems associated with the use of 5-nm colloidal gold, and offer the opportunity to localize antigens in tissue sections permeabilized with mild detergents.
A problem associated with the use of small gold probes is the need to enhance the size of the probe with silver so that they can be seen in thin epoxy sections. Many of the commercially available silver-enhancing solutions have problems that make their use difficult ifnot impossible (Stierhof et al., 1991; Lah et al., 1990) . The silver-enhancing solution described by Danscher (Danscher, 1983; Danscher and Norgaard, 1983) has been used to enlarge gold probes of greater than 2-nm diameter (Stierhof et al., 1991; Chan et al., 1990; Namork and Heier, 1989; van Lookeren Campagne et al., 1989; van den Pol, 1986) . The original Danscher solution was designed for use on paraffin sections at the LM level (Hacker et al., 1988) . This enhancing solution has a pH of 3.4 and when used on tissue for EM does not give good structural preservation. Recently, the pH of the enhancing solution was increased by use of a IO-mM HEPES buffer at pH 6.8 (Lah et al., W O ) , with a noticeable increase in morphological preservation.
To further determine factors that will increase the quality, the reproducibility, and the penetration of silver enhancement, we have examined, at the EM level, components of the silver-enhancement solution used with small gold probes. In addition, we have compared the labeling properties of gold-conjugated antibodies obtained from different commercial sources to further optimize the use of small gold probes for antigen localization in cultured cells and tissues.
Materials and Methods
Agar Test Samples. The test system used to examine the enhancing solution was a mixture of 100 pl of goat anti-mouse IgG-conjugated gold antibody, AuroProbe One (Amersham Life Sciences; Arlington Heights, IL) per ml of 7% agar (Seaplaque; Rockland, ME), or 100 pllml Nanogold (Nanoprobes; Stony Brook. NY) in agar hardened in a 5-mm diameter cylinder. This system eliminated the requirement for incubation of sections with primary or secondary antibodies. Vibratome sections 50 pm thick were rinsed in HEPES buffer and then incubated in the enhancement solution described below. In some cases these agar sections were incubated, after enhancement, with 0~0 4 .
Agar sections were dehydrated in acetone and embedded in Spurr's. When sectioned perpendicularly, the particles across the 5O-fim section could be examined in the EM. In addition, the development could be monitored by visual inspection as the agar disk darkened.
Immunocytochemistry with Tissue and Cultures. Cell cultures of rat cerebellum were prepared as described (Burry and Hayes, 1989) and fixed in 4% paraformaldehyde and 0.1% glutaraldehyde in 0.1 M phosphate buffer, pH 7.1. The cultures were incubated for 30 min in blocking buffer (PBS") made from PBS with 1% normal goat serum, 0.1% saponin, 50 mM glycine, 0.1% gelatin, 1 mglml bovine serum albumin, and 0.02% NaN3. The cultures were incubated for 3-4 hr in a monoclonal antibody against synaptophysin (from Dr. Colin Barnstable) diluted in blocking buffer. After three rinses in blocking buffer, the cultures were incubated in Nanogold-goat anti-mouse-labeled F(ab) overnight. After three rinses in blocking buffer and three rinses in PBS, the cultures were fixed a second time with 1.6% glutaraldehyde in PBS for 30 min. After three buffer rinses the cultures were incubated in the silver-enhancement solution described below. After enhancement, cultures were rinsed and incubated in 0.10/0 os04 for 30 min before dehydration and embedding in Epon.
Tissue sections were obtained from adult rats perfused with 4% paraformaldehyde and 0.1% glutaraldehyde in 0.1 M phosphate buffer, pH 7.1. The cerebellar vermis was selected and 50-pm sagittal vibratome sections were prepared. Free-floating sections were processed as summarized above. After enhancement, sections were rinsed and incubated in 0.1% os04 for 30 min before acetone dehydration and embedding in Spurr's. N-PmpyI-gallate (NPG)-Silver Enhancement. Free-floating agar or tissue sections from the vibratome or monolayer cultures in plastic dishes were rinsed for 15 min with three changes of 50 mM HEPES, 200 mM sucrose, pH 5.8. The sections were incubated in the dark with complete NPG enhancement solution (described below) and agitated. The reaction was stopped with three changes of neutral fixer solution composed of 250 mM sodium thiosulfate and 20 mM HEPES at pH 7.4 ( Lah et al., 1990) over 5 min and the sections were rinsed three times in rinse buffer (0.1 M phosphate buffer and 0.1 M sucrose).
The NPG-silver-enhancement solution was mixed by using four previously prepared components. (a) HEPES buffer, 1 M, pH 6.8, is mixed the day of use. If necessary the pH is adjusted with NaOH but not with HCI. Chloride ions will cause the enhancement to proceed too rapidly, and care must be taken to thoroughly rinse all glassware free of chloride ions. (b) Gum arabic stock: 50 g of gum arabic (Sigma; St Louis, MO) in 100 ml water is agitated over several days. When dissolved, the solution is filtered through six single layers of coarse gauze and stored in a -20°C freezer in small plastic tubes. Once thawed the solution must be used that day, as the gum arabic stock solution stored at 4'C will change the length of time required to enhance the gold probes. (c) NPG stock: 10 mg of N-propyl gallate (Sigma) dissolved in 250 pI of 100% ethanol is brought to 5 ml with distilled water. The NPG stock should be mixed the day of use. (d) Silver lactate stock: 36 mg of silver lactate (Fluka; Ronkonkoma, NY) dissolved in 5 ml of distilled water is prepared just before use and stored in the dark.
Starting 30 min before use, the NPG enhancing solution is mixed in steps. First, 5.0 ml of the gum arabic stock and 2.0 ml of 1 M HEPES buffer were combined with agitation. About 3 min before use, 1.5 ml of the NPG stock were added with continued agitation. One min before use, 1.5 ml of the silver lactate stock were added to the enhancing solution. This will yield a total volume of 10 ml of the NPG enhancing solution. While the solution is light sensitive, it is possible to add the silver lactate to the solution in a room with lights, but the solution must be stored in the dark. After enhancement with either NPG or HQ, the neutral fixer solution is used to stop the reaction, as described above (Lah et al., 1990) .
The same procedure was followed when hydroquinone (HQ) (Sigma) was mixed as the enhancing agent. HQ stock of 100 mg was prepared in 5 ml of distilled water. In the final enhancing solution, 1.5 ml of the HQ stock were added in place of the NPG stock.
Immunocytochemistry with NPG-Silver Enhancement. Quantitation of Particles. EM micrographs of silver-enhanced gold in agar were made of thin sections and printed at x 25,000. For each condition, the numbers of particles per pm2 of thin sections from agar were determined from four samples, each of 208 pm', and the results were expressed as means with standard deviation. The site of the particles, in nm2, was determined with aTracorlNORAN 8502 image analysis computer. Images from negatives were enlarged to a final magnification of x 60,000 and captured with a Dage CCD72 camera for analysis. Areas of 100 individual particles were determined for each condition. To make the data easier to relate to micrographs, the areas were converted to diameters and frequency distributions were generated. four times over 30 min. min. shielded from light.
Results
Our attempts to optimize the silver-enhancement solution began with an examination of agar containing diluted goat anti-mouse AuroProbe One. Once solidified, circular sections 50 p m thick were obtained from the agar block with a vibratome. These test sections contained dispersed gold probe and could be used directly to test silver enhancement without relying on the binding of antibodies to antigens in tissue sections.
Gum Arabic Composition
The original Danscher silver-enhancement solution used 60% gum arabic stock solution. Our results also showed that gum arabic was a necessary part of the enhancement solution that served to slow the reaction. When the silver lactate and the developer HQ were mixed without gum arabic, the two components reacted completely in a matter of seconds. This resulted in the depletion of the reactants, leaving none to react with the gold particles in the sections (Figure 1, NONE) . As little as 10% gum arabic stock solution in the enhancing solution slowed the reaction of the silver and HQ to allow silver enhancement of the gold probe (Figure 1 , 10%) over a period of several minutes. With 60% gum arabic stock solution, the reaction took place over 20 min, and concentrations between 1 0 4 0 % gave intermediate enhancement times. However, the number of particles seen at concentrations of gum arabic stock solution greater than 10% (Figure 1 ) was similar to that seen with 10% gum arabic stock solution, even though the time required for full silver enhancement was longer.
All of the agar sections tested with different concentrations of gum arabic showed a visible darkening after silver enhancement. The sections enhanced with 10% gum arabic stock solution had the highest visual density and the sections enhanced with 60% stock gum arabic had the least (data not shown). Therefore, the visual density of the agar did not directly correlate with the density of Silver Enhancement & Gum Arabic
Amount of GUM ARABIC Stock Solution the silver-enhanced gold particles seen in the EM. Gum arabic at a concentration of 50% of the stock solution was selected for use in further experiments, since it gave longer enhancement and was significantly less viscous than that originally used at a concentration of 60% stock solution.
Bufering the Siluer-enhancement Solution
The pH of the silver-enhancement solution must be close to that of physiological pH to ensure that the cell structure of the fixed tissue is not damaged. To further examine the buffering capacity of the enhancement solution, we investigated the relationship between the amount of HEPES buffer and the final pH of the solution. The addition of 20 mM HEPES at pH 6.8 raised the pH of the final solution to just above 4.0, while 200 mM HEPES, at pH 6.8, gave a final enhancement solution of pH 5.8. Therefore, 200 mM HEPES was selected for routine use even though it slightly increased the times of enhancement. Adjusting the pH of the HEPES solution with HCI must not be done, since it caused the time of enhancement to decrease to a fraction of the original time.
Choice of Chemicals for Enhancement
The Danscher solution contains HQ to develop the gold particles, but this developer has not given uniform enhancement in our samples. Compounds with aromatic rings similar to HQ but with different charged side groups were tested for their ability to enhance small gold probes. An enhancement solution containing )-phenylenediamine at a relatively low concentration, 10% of that used for HQ, darkened the enhancement solution rapidly. Further examination indicated that )-phenylenediamine was too reactive to be useful for silver enhancement in this system. NPG was also examined because of its structural similarity to HQ. HQ has two hydroxyl groups on the ring structure, while NPG has an additional hydroxyl group. Two different but adjacent agar sections, shown in Figures 2A and 2B , were both enhanced with HQ for the same time, but each showed variability in the visual darkening across the disk (Figures 2A and 2B , arrowheads). This uneven silver enhancement occurred even though samples were continuously agitated in a large volume to minimize potential mechanical causes of inconsistent enhancement. The stars in Figure  2 indicate a hole in the agar sections, which was used to orientate the photographs. When adjacent sections from the agar cylinder enhanced with NPG were examined they showed a more uniform darkening across the sections ( Figures 2C and 2D ). The striations seen on sections in Figures 2A and 2D were the result of blade chatter in the vibratome. We also observed changes in the relative visual density from region to region in cultured cells that were enhanced with HQ. This difference was reduced when NPG was used for enhancement of cultured cells (data not shown).
Osmium Post-fimtion of Enhanced Particles
To determine ifosmication after NPG silver enhancement affected either particle density or diameter, agar sections were silver-enhanced Agar sections treated with 0.1% Os04 (crosshatched bars) had a similar particle density to that of sections not treated with osmium (open bar), and sections treated with 1% Os04 (solid bars) had a slight but not significant reduction in particle density. The time of Os04 treatment did not have a uniform effect on the particle density. Agar sections with AuroProbe One-goat anti-mouse were enhanced with the NPG solution for 10 min.
with NPG and then treated with 0~0 4 . With enhancement of AuroProbe One, agar sections treated with 0.1% os04 (Figure 3 . cross-hatched bars) showed no change in particle density as compared with agar sections that had not been exposed to os04 (Figure 3 , open bar). Sections exposed to 1% os04 (Figure 3 , solid bars), however, showed lower average particle densities than control sections (Figure 3. open bar) .
Diameters of silver-enhanced particles were also examined after osmication. In control sections not treated with 0~0 4 , most of the particles had diameters between 40-80 nm, and no particles wereseen with diameters less than 20 nm (Figure4, NONE). With 1% Os04 after 30 min, particles decreased in diameter, with the 40-and 60-nm diameter range being the most frequent ( Figure  4) . Treatment of sections with 1% os04 for 60 min showed a further decrease in particle size, with a larger number of particles less than 20 nm in diameter being present (Figure 4 ). Only treatment with 0.1% Os04 for 30 min did not show a large shift in particle diameter (Figure 4) . Therefore, to minimize the potential effect of os04 on decreasing the diameter of silver-enhanced gold particles, 0.1% Os04 was used in all further experiments with tissue.
NPG Enhancement of Dzfjferent Goid Probes
TheNPG enhancement of AuroProbe One was compared with the enhancement of another small gold probe, Nanogold, in agar sections as described above. For each gold-labeled antibody probe, the results were normalized so that the maximal particle density observed was given a value of 1.0. The particle density in sections quency distribution in 20-nm bins shows that with increasing time and higher concentration of osmium the particle size decreases. With no Os04 (NONE) no particles are seen with diameters less than 20 nm, and that the average diameter is about 60 nm. After 0.1% Os04 for 30 min the distribution shows a slight increase in particle size, but after 60 min of 0.1% os04 particles smaller than 20 nm (solid bars) are now seen. After 1% Os04 for 30 min. the distribution shows a decrease in particle size, with the average between 40-60 nm. After 60 min 1% OsO4. particles smaller than 20 nm (solid bars) are now seen and particles greater than 80 nm (diagonal right bars) are not seen. Agar sectionswith AuroProbe One-goat anti mouse were enhanced with the NPG s o b tion for 10 min.
of AuroProbe One showed a linear increase, and only a threefold increase in particle density was observed between 1-15 min of enhancement ( Figure 5A) . At 1 min, the density of AuroProbe One particles was already one third that of the 15-min value. Although the variability in the data at each point was high, the particle density appeared to increase linearly after 1 min of enhancement. Nanogold also showed a linear increase in particle number between 1-20 min of enhancement ( Figure 5B ) but no further increase after 25 min (data not shown). At 1 min the density of particles was less than 5% of the 20-min value, and it was difficult to find silver-enhanced particles. The particle density showed a continuous increase to 20 min, with the value at 10 min being 65% of the 20-min value. The standard deviations for the means of the two gold probes serve as an estimate of the range of densities for the particles. Thus, the particle densities for Nanogold were more uniform and smaller than those seen with AuroProbe One.
The increased density of silver-enhanced Nanogold particles was found to correlate with the increased size of the particles during NPG-silver enhancement ( Figure 6 ). The majority of particles observed at both 1 and 5 min of incubation were small, with a diameter of 10 nm or less ( Figure 6 ), whereas after 10 min larger particles were observed, half of which had a diameter of less than 30 nm. After 20 min of enhancement there was an increase in the distribution of particle diameters, with a substantial increase in the number of particles greater than 40 nm. Thus, after 10-min enhancement of the Nanogold with NPG, 65 % of the maximum number of particles were present, and the size distribution of the particles was clustered in a group with a 30-nm diameter.
Particle sizes obtained with NPG-enhanced AuroProbe One were almost twice as large as compared with NPG-enhanced Nanogold. At 15 min NPG-silver enhancement of AuroProbe One, the average particle had a diameter of about 60 nm (Figure 4, NONE) . With Nanogold at 20 min of enhancement, the average particle diameter was about 30 nm ( Figure 6 ). The smallest particles seen with 15-min enhancement of Nanogold were less than 10 nm (Figure 6) , but with AuroProbe One after 10 min the smallest particle seen was 20 nm (Figure 4) . Thus, in agar test sections the NPGenhanced AuroProbe One particles tended to be larger than the NPG enhanced Nanogold particles, as was also observed in tissue culture cells (VandrE and Burry, 1992) . It should be mentioned that in all cases where agar without 1-nm gold particles was tested with silver-enhancement solutions, no silver-enhanced particles were seen.
AuroProbe
Nanopold Minutes Minutes Figure 5 . Particle density of agar sections with either AuroProbe One or Nanogold enhanced with the NPG solution. With AuroProbe One, at 1 min the density of particles was about 33% of that at 15 min and the errors at 5, 10, and 15 min were large. With Nanogold the particle density at 1 min was less than 5% of the 20-min value, and errors at 5, 10, and 20 min were small. To compare these two reagents, the density of particles per pm2, it was necessary to normalize the data to the value at the longest development time taken as one.
NPG Enhancement of Nanogold in Cultures and

Tissue Sections
The NPG-silver enhancement procedure, when used with immunocytochemistry of cell cultures and vibrotome tissue sections, gave different sizes of particles depending on the sample. Both cultures and tissue sections were treated with the detergent saponin, which is the detergent of choice for retention of fine structure (Goldenthal et al., 1985) and maximal penetration of large proteins such as ferritin and antibodies (Assa et al., 1973; Seeman, 1967) . We found that antibody incubations in the cold greatly reduced and frequently eliminated labeling; therefore, all incubations were done at room temperature. Sodium azide was included in the buffers to eliminate the potential for bacterial growth in these long roomtemperature incubations. Cell cultures of rat cerebellum were incubated in the primary antibody against synaptophysin, a synaptic vesicle protein. The cultures were then incubated with 1:lOO goat anti-mouse labeled with Nanogold and enhanced with NPG. With enhancement times of 15 min, good localization of the label could be seen with brightfield microscopy, but in the EM the particle size was large enough to obscure the synaptic vesicles (data not shown). When cultures --...,-.
were enhanced for 6 or 10 min, little or no labeling was seen at the LM level. However, in the EM, cultures with 6-min enhancement had a good range of particle size (average about 20 nm) (Figure 7 A ) and at 10 min. although the particle size had increased (average about 35 nm) it was still usable ( Figure 7B) . These results are similar to those seen with agar sections (Figure 6) . Tissue sections required different conditions to obtain similar diameters of silver-enhanced particles. The fixation and antibody incubations for tissue sections were similar to those for cultures; however, important changes were needed. First, tissue sections required enhancement times three to four times as long a~ those needed for cultures. Even with constant agitation, 20-25 min were needed to obtain particle enhancement, and these particles were frequently smaller (average about 13 nm) than those seen in cultures after only 6 min (Figure 7C) . When the cut edge of the tissue section was examined, larger particles were found at the edge, but a short distance into the section small particle sizes were seen. Second, for free-floating sections, the size of the tissue sections was found to be important. We found little labeling when entire sagittal sections (about 5 mm x 3.5 mm) were used, but we found much improved penetration with sections of between 1-1.5 mm on a side. Third, the sections must be thick enough to prevent curling and keep the section flat. The viscosity of the NPG enhancement solution is greater than the buffers used for antibody incubations, and folded sections reduce the movement of the enhancement solution over the surface ofthe section. Fourth, we used the gold-labeled antibody at a higher concentration (1:20) than in cultures to obtain labeling. Finally, the need for antibody incubations at room temperature was critical for tissue sections. Incubations in the cold eliminated penetration of the gold-labeled antibodies as compared with room-temperature incubations, but incubations at 37°C did not produce any significant increase in penetration (data not shown).
Discussion
Selection of Silver-enhancement Solution
As small gold probes were developed and became available for immunocytochemistry, the need for silver-enhancement procedures became a priority. One of the first silver-enhancement solutions used for electron microscopy was originally designed for light microscopy by Danscher (Danscher, 1983; Danscher and Norgaard. 1983 ). The Danscher solution, although giving good particle enhancement, was found to cause poor preservation of the fine structure (Lah et al., 1990 ). An early commercial enhancement solution, IntenSE M, was found to be too variable for times of (Lah et al., 1990) and was too difficult to control (In't Veld, 1989) .
We have examined the various components of the enhancement solution, based on the Danscher solution, in an effort to optimize uniformity of enhancement across tissue sections and reproducibility between experiments. We have shown that the gum arabic component is important in lengthening the enhancement time and allowing for the control necessary to regulate particle size. After testing other enhancing chemicals with molecular structures similar to HQ, we found NPG to have the best characteristics. NPG has not been previously reported as a developer in a silverenhancement solution. The reason for use of NPG is the increased control over the silver enhancement and the more uniform enhancement across a section.
Osmication of Silver-enhanced Particles
The treatment of silver-enhanced tissue sections with Os04 has been questioned, since the light microscopic darkening of the tissue was reported to decrease after osmication (Danscher and Norgaard, 1983) . Several EM reports of silver-enhanced gold particles in sections treated with osmium have indicated no problems (van den Pol, 1986; Burry, 1991; Chan et al., 1990) . We investigated the effect of osmication on silver-enhanced gold particles embedded in agar and found a lack of correlation between visual labeling density and particle density seen with EM. Consistent with previous observations of Danscher and Norgaard (1983) the density of reaction seen at the LM level decreased when the sections were treated with 0~0 4 , but since the previous reports did not examine sections in the EM it was not clear if the tissue had a corresponding decrease in particle density. In results obtained here, agar sections were also examined in the EM, and the density of particles was only slightly decreased by treatment with 0~0 4 .
The size of the silverenhanced particles after os04 was reduced, indicating that one effect of the osmication was to affect particle size, which may lead to the elimination of some smaller particles. With the small particle sizes present in tissue sections, decrease in size could potentially affect the number of silver-enhanced particles present. Although it is important not to over-osmicate silver-enhanced sections, these results do not suggest elimination of osmication to prevent particle destruction.
There are several explanations for the inconsistent observations of visual labeling and particles seen with EM. It is possible that to be seen at the visual level, silver enhancement of gold probes requires large single particles or clusters of smaller particles, which together will have the needed size. A second possibility is that the visual density and particles observed with EM are not the same. The observed visual density may result from a reaction in which silver also stains adjacent proteins or lipid near the site of the enhanced gold particle. This staining could be similar to silver staining used in histochemical procedures. Regardless of the explanation, it is important not to rely on the generalized light microscopic appearance of silver-enhanced cells when determining the degree of specific labeling for EM immunocytochemistry.
Gold Probes and SiLver Enhancement
Ideally, a silver-enhancement procedure should have the ability to develop silver on all the gold particles with uniform size as the enhancement proceeds. Our results show substantially different patterns of particle development with two different gold probes and a single enhancement procedure. AuroProbe One and Nanogold, both enhanced by NPG, had different rates of particle enhancement and gave particles of different size ranges. NPG-silverenhanced Nanogold particles were smaller than AuroProbe One NPG-silver enhanced particles. After 1 min of incubation, all the Nanogold particles had a diameter under 20 nm ( Figure 6 ), and AuroProbe One had 90% of particles with a diameter greater than 20 nm (Figure 4) . With Nanogold, particles seen at 20 min had a median particle size of about 30 nm. With AuroProbe One, after 15 -min enhancement the median enhanced particle diameter was close to 60 nm, nearly double that of Nanogold. Both the particle density and the particle size distribution of NPG-enhanced Nanogold changed little with increased enhancement after 20 min. When the NPG enhancement of Nanogold was used on cell cultures and tissue sections, particle size variation was also seen after different times of enhancement. With cultures, 10 min of enhancement gave 35-nm particles, but in tissue sections 20 min of enhancement gave smaller 13-nm particles. These results suggest that the enhancing solution is one factor in controlling particle enhancement, while a second factor is the nature of the gold probe.
To obt& maximal sensitivity with an immunocytochemical procedure using silver-enhanced gold probes, the gold probe must be uniformly bound to the antibodies used. If unlabeled antibodies or antibodies with multiple gold particles are present, it will be difficult to determine the number of antigens present in the tissue. Kramarcy and Sealock (1991) have reported low but consistent levels of free antibody in gold probes of 5 and 15 nm. Results with the small gold probe, AuroProbe One, have shown a great variation in labeling. The finding of several gold molecules attached to a presumed antibody and the finding of unlabeled antibodies (Hainfeld, 1990) could both greatly affect the sensitivity of an immunocytochemical procedure. Results with the NPG-silverenhancement procedure have also shown that AuroProbe One has unlabeled antibody that reduces specific labeling (Vandr6 and Burry, 1992) .
Silver Enhancement of Cells and Tissue
The penetration of small gold probes into cells and tissues requires treatment with a detergent such as saponin (Goldenthal et al., 1985; Willingham, 1980; Bohn, 1978) . EM immunocytochemistry experiments with saponin and horseradish peroxidase-labeled secondary antibodies have shown penetration of between 10-15 pm into tissue sections. Results here show that in tissue sections treated with saponin, gold particles can be seen at a depth of up to 20 pm. Silver enhancement of gold probes embedded uniformly in agar vibratome sections showed no problems in penetration of the enhancement solution through the entire 50-pm agar section. These results indicated that the lack of penetration is related to the cellular composition of the tissue and the ability of reagents to cross cell membranes.
On the basis of our results, we found that NPG-silverenhancement solution used with Nanogold-labeled secondary antibodies is excellent for pre-embedment EM immunocytochemis-try. In addition, the enhancement solution with NPG should be buffered with 200 mM HEPES buffer at pH 6.8, all antibody incubation solutions should contain 1% saponin as a detergent, incubations should be carried out at room temperature, and Os04 should be used at 0.1% for no more than 1 hr. Because of the differences found in tissue and cell culture samples, it is important to determine the length of silver enhancement for each sample-primary antibody combination.
